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ABSTRACT

During three 1980 vessel cruises in the Northern Bering Sea, sanples were taken
to evaluate the feeding ecology of the gray whale. Side-scan sonar, close-circuit
T.V. , renote bottom sanplers and SCUBA divers were enployed to describe and
quantify the infauwnal community consumed by whal es.

The sumer distribution of whales is constrained by the distribution of
prey items. The largest aggregations of whales were found in the central Chirikov
Basin over dense beds of anphipods. Densities of Ampelisca macrocephala, the
dom nant species, alone reached 22,450 individuals/m. The bottom sediments from
this region are deeply pitted possibly as a result of foraging whales. Long-term
experiments on the turnover rates of the benthic conmunity were begun in the
first of a proposed three year study.
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| NTRCDUCTI ON

G ay Whal e Feeding

G ay whal es, 1like other large animals which feed on relatively small prey,
are best described as omivores. As befits a true omivore, the list of gray
whal e food itens is extensive, including both pelagic and benthic fauna. However
at least since 1874, gray whal es have been recognized as rirraril\,\}/] bottom feeders
earning the name “nussel-digger”, with the reports of surfacing whales “besneared
with the dark ooze fromthe depths bel ow (Scammon 1874).

Stomachs from almost all gray whales taken in the breeding |agoons or while
mgrating have been enpty or contained small anmounts of seaweed, pebbles, and
a few mscellaneous items such as polychaete tubes, ascidian tunics, and bivalve
shel|'s (Scammon 1874; Andrews 1914; Pike 1962; Rice and Wolman 1971). The few
cases of full stomachs reported taken from mgrating and wintering whales include
pel agic prey items of sardines (Wl ker 1949), crab zoea larvae (Rice and Wolman
1971) and smelt (K. Balcomb as reported in Ray and Schevill 1974). Records of
whal es apparently feeding on baitfish (Sund 1975), the euphasii d_Euphausia_pacifica
(Howel I and Huey, 1930), and nys ids in kel pbeds (Vellington and Anderson 1978)
augment the list of possible prey items. A though the gray whale may not feed
extensively during the winter, it probably consunmes a variety of pelagic, swarmng
foods opportunistically on its southern range.

There is little doubt however, that nost of the whale' s energy stores are
accumul ated on the northern feeding grounds. Although only indirect evidence
exists to suggest gray whales feed during their northward mgration while in
Al aska (Braham in prep.), stomach contents of gray whales fromthe northern
Bering and Chukchi Seas are alnost entirely conprised of benthic amphipods (genera:
Ampelisca, Lembos, ANONyX, Pontoporeia, Hippomedon, Paraphoxus, Pleuster, Atylus,
Protomedia, Acanthostepheia, Ischyrocerus, and Dulichia) W th assorted ot her
pbottom Il 1ving organi sSns (Zenkovich 1934; Tomilin 1957; Pike 1962; Zimushko and
Lenskaya 1970; Rice and Wolman 1971; Zimushko and Ivashin 1979; Bogoslovskaya et.
al. 1980.) Few gray whal es harvested in the sumer have enpty stonachs (\Votrogov
and Bogosl ovskaya 1979). This suggests that they are continuously feeding or that
they concentrate in areas of abundant food or both.

Gay Wale Distribution

Sightings of gray whales in the northern Bering and Chukchi Seas from aeri al
and vessel platforms are plotted by nonth in Figures 1-6. The areas where whal es
aggregate correspond to regions where high density benthic anphipod conmunities
are located. Data from Stoker (1978), Makarov (1937), and our 1980 crui ses have
been conbined to produce Figure 7, a conposite chart delineating the dense amphipod
comunities in the Bering Sea.

Sightings of gray whales well inside Norton Sound are unconmon, although sone
enter the Sound on an annual basis. Probably because of the finer sediment in
Norton Sound, there is not a dense amphipod comunity as is found in the Chirikov
basin (Stoker 1978).

Stomach contents of whales taken by Soviet whalers appear to reflect the
conmposition of the benthic community where the whales were taken. Animals taken
in the nearshore areas were found to be smaller in size and had been feeding
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mai nly on the amphipod, Pontoporeia, in contrast to the large whales found further
of fshore which seemto exploit the vast _Ampelisa amphipod concentrations
(Zimushio and Ivashin 1979?. It is noteworthy that the abundance of whales along
“the Soviet coast was annually nore variable than the abundance in the north
central Bering Sea. Areas where whales were found in dense aggregations for
several consecutive years were often found to be barren of whales in subsequent
years (Votrogov and Bogoslovskaya 1979). This change in summer distribution may
reflect a cyclical food resource. Conparing the Soviet whaling data (Zimushko
and Ivashin 1979, Votrogov and Bogoslovskaya 1979) with the benthic communities
in the northwestern Bering Sea (Makarov, 1937; Belyayev, 1960) one mght infer
that gray whales predictably return to the regions of dense Ampelisca beds.
Clearly, gray whale distribution in the Bering Sea, and probably in the Chukchi
Sea, is inexorably linked to amphiped concentrations.

(bj ectives and Rational e

Information on the tenporal and spatial patchiness of their food resource
is integral to the understanding of gray whale feeding patterns. Thus, we have
spent considerable effort to elucidate aspects of the benthic comunity dynanics
in regions where gray whales feed. However, we approached the problem of cetacean
feeding ecologyl from several other aspects. Distributional data on summering
whal es was anal gamated from previous NWFS research (Wilke and Fiscus 1961; Braham
et. al. 1977, Marquette and Braham 1980) and from 1980 BLM Project \Wal es research
to delineate areas that were frequently used by whales. Stomach contents of
harvested whal es were conpared to the benthic conmunity conposition in the area
where the whal e was taken to validate the nechani sm by which whales feed. W
gathered data on gray whale dive times to determine activity budgets in foraging
patterns. A side-scan sonar and an underwater video camera system were enpl oyed
to evaluate the size and shape of whal e-made disturbances as well as to evaluate
how extensively a region of the ocean floor was used by whales. Infaunal data
were. collected to allow us to conpare the comunities consumed by whal es and
concommitently, t0 create a hierarchy of inportant feeding localities to the stock
of whal es

The objectives of our study were:

1. Detailed observations of feeding behavior of gray whales in areas where whales
concentrate such as St. Lawence Island

2. Determnation of benthic conmmunity structure before, during and after feeding
groups have entered a feeding area.

3. Quantitative and qualitative analysis of stomach contents of |anded gray whales
taken by Soviet whalers in cooperation with Soviet scientists

Anal ysis of additional stomach sanples from gray whales |anded by St. Lawence
Island ESki nos.

4, Goss quantification of the benthic consunption by the gray whal e popul ation
in the area north of St. Lawence Island and, on this basis, evaluation of the

i mportance of this conmunity to the stock of whales

L % note here that our research effort, designed to quantify and describe
the relationship between a feeding whale and changes in its prey, is the first
of its kind and thus is exploring untested theoretical and applied ecol ogi ca

questi ons.
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5. Analysis of existing data on benthic conmmunity structure known to exist for
areas near St. Lawence Island.

METHODS AND MATERI ALS

The Study Area

The areawe defined as our study area is the Chirikov Basin, between St.
Lawrence Island and the Bering Strait, and between the Straits of Anadyr and
outer Norton Sound. The whales are also found in the southern Chukehi Sea which
because it has greater estimated oil and gas resources (Bureau of Land Management
undat ed), would be a suitable area to study the inpacts of devel opnent on the
comunity in question, However, there is far nore background data on the Chirikov
comunities, the area is shallower (which provided us with the possibility of
using SCUBA divers), and the l|ogistics appeared nmore manageable. For these reasons
we chose to study the benthie systemin the northern Bering Sea. FElucidation of
of community dynamics in the Chirikov Basin will be pertinent to the understanding
of gray whale-benthic interactions in other areas as well

All field research wasconducted in tenorthern Bering Sea fromthe NOAA
ship Surveyor during 3 lags of cruise RP-4-SU80A, the dates of which were:

Leg I May 28-June 20, 1980 (Fig. 8)
Leg I X June 23-July 17, 1980 (Fig. 9)
Leg V Sept 10-Sept 30, 1980 (Fig. 10)

Because of extensive travel time to the study site from Kodiak, the nearest port
where the Surveyor could refuel, we spent only 34 of the 67 cruise days actually
in the northern Bering Sea. W enployed the video canera system and renote
benthic sanplers on all Legs, as well as recording all marine mammal sightings
as part of the NWW's Platforms of Opportunity Program A leased helicopter was
aboard during Leg Il and diving operations occurred during Legs Il and V. Side-
scan sonar records were collected during Legs | and II.

Vessel and Helicopter Operations

A Bell 206 helicopter was aboard the Surveyor from 13 June to 17 July, 1980.
For navigation, it was equipped solely with a conpass and radio direction finder
Aerial surveys were conducted with 2-3 observers and a recorder. W used
systematic search patterns to locate whales, breaking the pattern only to circle
over feeding whales when they were encountered. Transects and observations
could only be nmade at altitudes greater than 500 feet. Lower altitudes disrupted
feeding and caused the whales to subnerge. During the 12 days the Surveyor
was in the study area with the helicopter aboard, thirteen flights were initiated
to gather data on location, distribution and behavior (primarily dive profiles)
of gray whales. six of these flights were aborted due to fog and cloud cover.
Of the remaining seven, five were used to gather data on location and relative
distribution of animals while the other two flights were used to gather data
on feeding behavior.

Behavi or Ohservati ons

The helicopter was helpful in finding different aggregations of gray whales
and in determning the nunber of animals in the group. Behavioral observations
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of feeding gray whales were difficult because it was inpossible to identify
individuals. Dive times were obtained by spotting one animal, and circling it
until the animal resurfaced. Cbservations were continued for half an hour and
then the helicopter noved to another area. Unfortunately, there was no way of
knowi ng whether two or nmore animals were surfacing in tandem In six cases, we
collected dive times on what we thought were solitary whales, and a second whal e
surfaced. In these cases, only respiration rates and not dive times were obtained
fromanimals which had just surfaced after a feeding bout. Unless the animals
are marked, it is very difficult to obtain meaningful diving data on feeding
gray whales in offshore waters. One way to circunvent the difficulties of

nul tiple feeding whales would be to attach a streaner tag to animals which woul d
be visible to observers in the air, or to conduct observations from shore.

Si de-scan Sonar

Si de-scan sonar techniques have been successfully used in geol ogical research
to detect small topographic changes in the ocean bottom W planned to use the
sane nethods to detect and describe disturbances nmade by whales in the bottom
sedinents. Once the type of disturbance was identified, we planned to assess the
i rpact made by whales on an area by quantifying the nunber of feeding scrapes.

Two separate systens were used in this endeavor. On leg I, an EG + G side-
scan systen& operated by the U'S. Geological survey was used. It was outfitted
with a 105 khz transducer. These records belong to the U S. GCeol ogi cal Survey,
Menlo Park. On the second leg, we enployed a Klein and Assoc. side-scan system
operated by personnel from Jon B. Jolly Inc. and outfitted with a 500 khz or 100
khz fish. The recording track width was set at 50 mon both |egs, tow ng speed
was 5-7 kts. The side-scan sonar was towed a total of 787 km covering our

study site and the nearshore waters of St. Lawence Island.

Underwater Video Canera

The video canera proved to be our nost useful tool. W originally intended
to use it solely to find whale-nmade disturbances but by the last cruise its function
has expanded. W routinely towed the canera through a new area, which allowed us to
plan our dives and choose our sanpling sites. By routinely towing the canmera
through a new area, we were able to plan our dives and choose our sanpling sites.
By verifying what we observed on the camera with grab sanples, we were able to
categorize comunities by sight. Mst inportantly, the video footage gave us
insights into the variability in the community produced by the bottom depressions
and the inportance of predators other than whales.

The camera was a Panasonic black and white newvicon canera in an underwater
housing. It was equipped with a 16 nmlens and quartz hal ogen lights. The
assenbly was nounted on a towing frame which fixed the camera position approximtely
30 cm above the substrate, with a field of viewof 0.75 mby 1.2 m W continually
refined the system and by the last cruise we had devised a method of releasing a
float fromthe camera assenbly to mark features we viewed on the video screen.
This enabled the divers to investigate specific sites. The camera was on the
bottom for a total of 34.4 hours at 43 |ocations.

2 Reference to trade nanes does not necessarily inply endorsenent by the
Nati onal Marine Fisheries Service.
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Benthic Sanpling

A scuba diving operation was conducted to sanple the benthic community
inside and outside of targeted bottom disturbances which we believe to arise from
foraging gray whales. The disturbances were separated into two conformations;
those that were long, Sinuous and narrow we termed furrows and those that were
round or elliptical we designated pits. There were six divers on each of the legs.
A total of 22 dives were made in water depths varying from 23-40 m (75-130 ft.).
Diving conditions on leg Il were superior to those on leg I. Visibility was
general |y poor but averaged 1.5m. The water was colder than predicted; on leg I,
bottom tenperatures hovered around -1° c.

The core sanplers used by the divers to sanple the infauna were #10 tin cans
(0.188 nf) with removable plastic lids. Sanples were washed on 0.5 nm screens.
In addition to collecting sanples, divers removed the infauna from1l niplots for
use in the re-colonization experinents, took photographs, and neasured pit
di nensions. The divers also helped deploy and anchor three 3.7 x 4.9 m structures,
fabricated of 45.7 cm(1' 1/2”) gal vani zed steel pipe, which we used to mark our
study areas for long termstudies of the beathic communiti es.

Both a 0.025m2 box corer and a 0.1 m2 Smith-MacIntyre grab were used to
sampl e the Chirikov bottom In all, 130 sanples representing 30 sites were
collected. Sanples were washed on 1 nmand 0.5 mm screens, relaxed in MgClp,
fixed in a 5% formalin sol ution, and preserved in 707 al cohol. In addition to
those collected on our own cruises, sanples were collected fromthe nore westerly
portion of the study area by scientists on USCGS icebreaker Polar Star during
June using a 0.1 nfVan Veen grab. Because of the difference in gear, these
sanples are not entirely conpatible with our own data, but provide distribution
information on comunity types. Taxonomic analysis of the Smith-MIntyre sanples
i's underway and expected to be conpleted by the.end of March. Al the infaunal
data provided in this report are fromthe cores collected by scuba divers.

RESULTS

Time Budgets: Gay Wale Dive Profiles

Table 1 provides time budget (dive profile) information gathered in 1977
by Braham and by Nerini during the summer 1980 study.

Feeding Furrows, Pits and Qther Bottom Features

Si de-scan records fromleg | in areas where we sighted whales display series
of irregular furrows. The furrows varied in length from3 to 30 mand were
0.5-1 mwde. They were only present in areas where whales were sighted. Due
to their irregular, twsting shape and their size, (Fig. 11) the origin of these
bottom features is thought to be biogenic. Scientists at the US. Ceol ogical
Survey suggested whales were the nost |ikely cause of the furrows (H Nelson,
USGS, pers. comm.).

During the second leg, nmore varied furrow shapes were seen (Fig. 12) and

we noted much of the Chirikov basin was pitted. The bottom appears to be pock-
marked by shallow depressions varying in size from2 to 10 min diameter (Table
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TABLE 1. --Dive profiles of foraging gray whales.

Average tine Duration of Average duration

Whal e 10#1 Surface tine bet ween breat hs di ves of dives
in seconds in seconds

01 15 16. 15 4 mn. 38 sec.
15
08
08
14
27
19 4 mn. 58 sec.
06
12
14
25
22 1 min. 54 sec.

21 6 mn. 14 sec.

17 4 mn. 45 sec.

02 15 18.25

03 08 11. 66

04 12 19.8

05 40 34.33
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TABLE 1. --Dive profiles of foraging gray whales--continued

Average time Duration of Average duration

VWhale 1D#  Surface tine bet ween breat hs di ves of dives
in seconds In seconds

06 14 26. 25
18
38
35

07 31 22.66

29-1 90 88. 8

29-2 52 57.6

30-3 19 58.5 3 mn. 53 sec.

3 mn. 27 sec
3 mn. 36 sec
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TABLE 1. --Dive profiles of foraging gray whales--continued.

Whal e 1D#

Surface tine
I'n seconds

Average tine Duration of

bet ween breaths di ves
in seconds

Average duration

of dives

30-4

30-5

1-6

2-7

126
127
134

91

57
85
39
47
25
47
81

63
150
135

45
110

110
10

78.1

2 mn. 43 sec

83. 66

59. 89

34.29 3 min. 27 sec.
3 mn. 38 sec.
3 mn. 55 sec.

3 mn. 15 sec

187
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TABLE 1--- Dive profiles of foraging gray whales--continued.

Average tine Duration of Average duration

Wiale 1D# Surface time  between breaths di ves of dives
in seconds in seconds

2-8 11 17. 33 4 nmin 12 sec.
3 mn. 37 sec.
27
20 .
4 mn. 55 sec.

12
14 .
3 mn. 50 sec.
20
2-9 18 26.6 sec. 3 mn. 47 sec.

3 mn 21 sec.

4 mn. 51 sec.

2 mn. 13 sec.

2-10 24 47.53 sec. 2 mn. 48 sec.

2 mn. 15 sec.

2 mn. 42 sec.
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TABLE 1. --Dive profiles of foraging gray whales--continued.

Surface tine
in seconds

Whal e 104

Dur ati on of
di ves

Average duration
of dives

Average tine

bet ween breat hs
in seconds

2-11 40

82
11
23
39
151
22
12
36

15
18
25
25
90

42.07 2 mn. 44 sec

3 mn. 03 sec.

2 mn. 50 sec

1 Nunbers 01-07 collected May 28-July 17 1980 in the Chirikov Basin; #29-1

to 2-11 collected June 29-July 11, 1977,

off SE Cape, St. Lawrence Island.
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Figure 11. “Furrows” as depicted on 100 khz side-scan sonar records. Tow ng
speed was 5.2 kts.
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Figure 12. Bottom depressions depicted on 500 khz side-scan sonar records.  Toui ng
speed was 2.9 kts.
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2). Athough pits were evident over the entire northern Bering Sea, they
appeared to be more pronounced, that 1s, both nore abundant and |arger, near
the center of our study area.

The spatial distribution of the furrows 1s less clear than that of the
pits. That is, there is no obvious area where furrows dom nate the bottom
features. Furrows appeared only in areas we presuned to be used by whal es but
whal es were not always present. On one occasion, we made several passes
through a small pod of feeding whales ( ‘5 animals) while tow ng the side-scan
transducer and saw no evi dence of furrows with either the 100 or 500 khz fish.

lce scour was found as expected near the northeast end of St. Lawrence
I'sland. There was no evidence of scour from nearshore fast ice in the eastern
bi ght of the island, nor in the central Chirikov Basin.

The bottom depressions are of interest because even slight topographic
unevenesses in the sedinents can create nicro habitats into which organisms wll
distribute thenselves non-randomy. Thus the pits almost certainly affect, benthic
comunity structure. W classified regions of the Bering Sea by the density and
magni tude of the pits and by the visible infawnal organisns. W recorded
general slope of the pit sides; epifauwnal organisns and presence of dead shells
which led us to subjective conclusions regarding the northern Bering Sea benthos,
The nost pronounced pits, that is, those which were deepest, had the steepest
si des, and whose bottoms were strewn with shells, seemto be located in the
central northern Bering Sea - the sane regi on whales appear to be actively

f eedi ng.
Benthic | nfauna
Speci es, Conposition and Densities

The dominant (i.e. numerically and by bi omass) organism in all but 3 of
our sanpl es was Ampelisca macrocephala, Densities ranged from 400-22,450
individuals/m® (Table 3). The higher values were in the area where we consistently
saw feeding whales during leg 11 (near Station 21). The correspondi ng amphipod
bi omass was 94gninfto 500 gm/m2, Because on the fall cruise we could not
re-locate those sites we had marked in the spring, we cannot directly conpare
seasonal biomass |evels.

The size structure of the amphipod popul ation shifted only slightly wth
the season (Fig. 13). Gravid females were found in both seasons but recently
hat ched animals (O3 nm) were found solely in the spring. The nodal size class
in all seasons was the 5-7 mm class although in the autum, the distribution
becones hi-nodal as the 9-11 nm class increases in frequency. Large individuals
(>17 mm) were only found inside pits in the spring but this trend was not found
in the autum data. There is otherwi se no significant difference between size

classes inside or outside of the pits.

Ecol ogi cal Attributes of the Bottom Features

W\ assune the topographical variation in the benthos may create differences
incomunities. If, as we thought, the pits were fornmed by foraging whal es,
then one might initially expect a depauperate infauna W thin the depression
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TABLE 2. --Pit dinensions.

Appr ox. [ ndex
Ais 1 (m Ais 2 (m Depth (m)  area(m?2) area x depth
Ay A2 A= (AjA9)
o
.61 0.61 13 0.30 0. 039
* 1.0 1.5 .40 1.18 0.472
* 1.0 1.5 .40 1.18 0.472
* 1.0 1.5 .20 1.18 0.236
1.0 1.0 .10 0.8 0.08
2.3 0.9 .19 1.63 0.31
0.64 0.71 .08 0.36 0.03
2.2 0.9 .15 1.56 0.234
0.76 0.9 .20 0.54 0.11
* 1.2 0.76 .20 0.72 0.14
2.0 2.0 3.14
* 2.0 3.0 4.71
* 1.5 3.0 .10 3.53 0.34
1.7 1.7 .18 2.27 0.41

* Denotes 0.019m? sanpl e taken fromw thin neasured pit by divers.
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Tabl e. 3--Average amphipod abundances inside and outside of pits and partitioned

by season

Avg.# A. macrocephala/m?

Avg. gms A. macrocephala/m¥

Avg. gms total Anphi pods/ m¥

Avg.# A macrocephala/m2

(Spring)
(Fall)

(ins ide)
(out si de)

i nsi de)
(outside)

(i nside)
(outside)

Spring

(ins ide )
(outsi de)

Fal
(ins ide)
(out si de)

5934. 6
5025. 4
5557.6
5694. 8

137.6
105.9

190.9
199.5

5165. 4
6874.7

6097.0
4278.9

S.D.
S.D.
S.D.
S.D.

5000,2
2640.
4435
3756

O U101

w o

o w

§.D. = standard deviation
n

= nunber of observations
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left by a feeding whale. Shortly after its creation, one might predict first
an increase in scavenging organi sms which subsist on detritus collecting in the
pits, followed by the nore sedentary tube-builders. This successional pattern
is one comonly docunmented in disturbed areas (Pearson and Rosenberg, 1978;
MCal |, 1977; Qiver and Slattery, 1976). Since congeneric species may display
simlar colonizing and feeding strategies, we combined the species data and
anal yzed by genus using a Wilcoxon-Mann Wi tney rank-sumtest. There were only
three instances where the abundance of genus inside a pit was significantly
different fromthat found outside a pit (Table 4). Al three genera were

t ube-buil ding animals. The size (and inferred age) of the pit was not considered
in this analysis due to small sample Sizes W th increased partitioning of the
dat a.

In addition to species conparisons, we also nmeasured the volume of tube
material found in the sorted bottom sanples inside and outside of pits (Fig. 14).
Since we expect tube-dwel ling organi sms such as the Ampelisca_species to be
less adroit at colonizing an area, we expected tubal nmaterial to be less abundant
inside the presumably defaunated pits. There was no significant difference
(t-test, P >.05) in our data but again age of the pit was not considered

To investigate tenporal changes in the infaunal pit comunity corresponding
to the tine elapsed fromthe initial disturbance, we assigned relative ages to
the sanpled pits based on their area, estimated depth, slope of the sides and
bi ol ogi cal information such as the presence of dead shells or exposed worm tubes.
By then, focusing on groups of organisms, i.e. representative fanmlies, we hoped
to see successional trends in colonization of the pits. The famlies we chose
tof ocus on were the Ampeliscidae (conprised of _Ampelisca macrocephala, A.
eschricti, A. birulai, and Byblis sp.); the Lysianassidae (Anonyx nugax and
Orchomenella minuta); and the Corophiidae and their relatives (Protomedeia
fasciata, Corophium sp., Photis sp.).

The Ampeliscidae are sedentary, tube-dwelling detritus feeders (Kanneworff
1965) as are the nenbers of the Corophiidae we chose. \Wereas the lysianassids
are active, wide-ranging scavengers. Because of these attributes, we expected
the three groups would dominate the pit comunity at different tines relative
to the age of the pit. That is, we predicted that in newy exposed sediments
the recent pits, there would be an increase in the lysianassids. Simlarly, we
reasoned that the less active tube-dwellers would be in |ow abundance in the recent
pits but would subsequently increase in abundance until their densities inside
the pits were indistinguishable fromthe densities outside of the old pits

For this analysis, data fromspring and autum were pool ed because of small
sampl e sizes (Fig. 15). Only in the Lysiannasids Wwere the neans fromthe three
ages of pits significantly different (one-way ANOVA P <.05). The plots presented
include nmean abundance and standard deviation. As the relatively sedentary
tube-buil ders may be nore active colonizers during the spring before their
of fspring hatch, we may have obscured trends in the paired sanples by conbining
the seasonal data. In addition to unaccountable seasonal differences in dispersal
strategies this test was based on inferred ages of pits which further conplicates
the interpretation.

Recol oni zati on

As a controlled experiment, we created our own pits to document the benthic
conmunity change over tine in a cleared area. By understanding this process,
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TABLE 4--- CGenera abundance inside + outside of pits (significant

difference detected by Wilcoxon-Mann-Whitney rank-sumtest).

Genus Speci es Leg 2 (summer) n Leg 5 (fall) n
Ampelisca 3 ** outside 18 N.S. L5
Anonyx 2 N.S. 18 N.Se. 15
Orchomene 2 N.S. 15 NeSe . 9
Pr ot onedef a 2 * outside 18 *** inside 15
Photis 1 N.S. 15 NeSe 11

*** denotes significant at .01 |evel
** denotes significant at .05 |evel
* denotes significant at .1 |evel
n.s. = not significant

n nunber of ( )
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we can better interpret data from our other sanples. Two Im2 patches were

cleared of the top 10 cm of sedinent using a pneumatic |ift. Both patches were
establ i shed near Southeast Cape St. Lawence Island in Septenber. The plots

were sampled imediately after clearing the area, the follow ng day, and six

* days later. Abundance of Anonyx nugax, Orchomenella minuta, Ampelisca macrocephala
and Protomedeia fasciata are plotted in Fig. 16. As expected, there was a sharp

I ncrease I n abundance of scavenging Lysiannasids (Anonyx and_Orchomenella) by

day 1 with a corresponding sharp drop in_Ampelisca. This pattern corroborates

the sequence we have tentatively documented in the natural system

DI SCUSSI ON

It became clear by leg 11 that we would be unlikely to see an actively
foraging whal e because of underwater visibility, dive time limtations and the
paucity of whales on the study site during early July. Therefore we were
unable to quantitatively describe how whales feed, how nuch they consume and
where they chose to feed.

Qur first goal, that of definitely establishing the mechani sm by which
whales feed, was patently inpossible. However, for an animal the size of a whale
to consume infaunal organi sms W thout discrimnating between prey, any feeding
mechani sm woul d entail a wholesale renpval of sediment. Since sand and gravel
are comonly found in gray whale stomachs, usually in small quantities, and
because we see “nud” plunmes emanating from foraging whales, we assume the feeding
activities of the whales change the infaunal comunity by renoving comunity
dom nants and by physically disturbing the substrate. Quantification of whale
food consunption may only be possible by carefully monitoring the traces |eft
in the bottom by foraging whales. Cher investigators in soft-bottom systens
have simlarly exam ned the physical and community changes created by a benthie
predat or (VanBlairicom 1978).

Exam ning the small scale bathymetry of the northern Bering Sea both in
areas where whales were present and where they were not, the ubiquitous features
are the depressions or pits. The “furrows” nentioned earlier and apparent on
the side-scan records were well correlated with the presence of whales but nuch
rarer than the pits. In fact, we were unable to locate any “furrow” wth divers.
The cause of the furrows and pits is still unknown.

The furrows nmay represent a direct inpingement of the whale on the bottom
whereas the pit may be shaped by several factors. Over npst of the area which
we sanpled, the surface sedinment was a cohesive nuddy tube mat underlain by fine
sand. Gven such a structure one mght expect to see wave and current scour
only in those areas where there was a break in the surface tube mat. W postulate
that a feeding whale nust break up the tube mat, |eaving the surrounding area
vul nerable to wave scour. This may be analogous to the observations of Fager
(1964) who noted that dense polychaete beds were susceptible to destruction by
wave surge only after an initial intrusion through the cohesive sedinents
Wave scour near objects protruding through the sedinents is a well known geol ogic
process (Larsen et. al. 1979) and scouring, added to the initial whale disturbance
would produce shallow symetrical features such as the pits.

Subj ectively, the abundance and the type of pits changed with the area
That is, in the central Chirikov basin at our deepest dive sites, we encountered

200



180
Eexperimental Plot 1

160

140 \

12a \\
100 \

Number of iodivduals/.019m2

8 \ — - Ampelisca macroaphala
‘----Anonym nugax
\ —  Protomedeia fasciata
6C \ —  Orchomenella minuta

W

Disturbance Time after

disturbance (days)

Figure 16. Species abundance over time in 1 m plot after experimental
def aunati on. O indicates the day the plot was cleared of infaunal
organisnms and the top 10 cm of sediment.

201



the deepest and largest pits, the highest densities of amphipeds and the greatest
nunber of feeding whales. Admttedly,it is too early in the study to produce

a concrete correlation between feeding whales and the appearance of pits but

the hypothesis is appealing and reasonable. Since regions of abundant pits are
patchy, we may also find that prime whale feeding habitat is correspondingly

pat chy.

The benthic infaunal data seem to support the hypothesis that pits are
defaunated patches which are in various successional stages possibly returning
to a high density, tube-building anphipod community. Qur data (i.e. a six day
time sequence) on the time required for a cleared patch to be recolonized is too
scanty to predict how rapid the recovery is. However, the rate of return to
original comunity state is undoubtedly heavily influenced by patch size and
season of disturbance as it is in other bottom systems (MCall 1977; Helling 1973

Sutherland 1974, and Gay 1977) and these are factors we have not been able to
test. Long-term experinents documenting changes in communities of various sized

pits both in the Chirikov and of f Sout heast Cape shoul d provide the necessary
information on the regeneration tine of the commnity.

Putting this prelimnary information together in a rudinmentary fashion
We can conpute very gross estimtes of gray whale consunption. W nust caution
that the assunptions behind the ensuing calculations are considerable at this stage
of the research. Hewever, one of our objectives was to estimate feeding rates
of gray whales. In-the nost productive reaches of the northern Berlng Sea the
mean amphipod densities outside of pits are on the order of 9, 600/m2 With a
correspond|nq,b|onass of 400 g/nf. Average area of a pit in this region was a
m ni num of 0.81/m2. By sinply nultiplying, we estimte 324 gns of amphipods
may be renoved per pit. Further field research is necessary to determne how
accurate or meaningful this estimte is.

CONCLUSI ONS

The data collected during this first year of research were |ess than hoped
for and thus our conclusions are prelimnary. The research has focused on processes
that will take several years to understand. In addition, we feel that our initial
year was in large part a feasibility study to determ ne which approaches were possible
what experinents could be attenpted, and what questions could be addressed. In
addition, and perhaps of greatest inportance, this past year helped us determ ne
whi ch questions warrant further investigation.

e have reached the follow ng conclusions regarding gray whale feeding
ecology in the Bering Sea

1. \Wales seemto concentrate over areas of highest amphipod density,
that is, in the Chirikov Basin. Their summer distribution is linked

to the regions with dense prey assenbl ages.

2. Gay whal es are omnivorous; their stomach contents appear to be random
sanples of the community upon which they feed.

3. There is large variation in the “quality” (as we assess it) of amphipod
communities and in their corresponding usage by whal es

4. The bottom depressions seen across the Chirikov basin are possibly
produced by foraging whal es.
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5 It will be possible to study regeneration time of a comunity by
observing successional patterns in experinmentally cleared areas and
natural depressions.

Recomendat i ons

1. A main question of our subsequent research is “*do whales create the
bottom depressions?”. Since the characteristics of the bottom sedinents
are inportant to the evaluation and naintenance of the pits, investigation
of sediment properties such as cohesiveness and resistance to scour
will be helpful

2. Wthout being able to see a whale foraging on the benthos, we need
evidence that the production of bottom depressions is correlated with
the presence of whales. By quantifying the nunber and size of pits
present at the start of the summer and conparing that to what we see
later in the season over precisely the same transect, we should be
able to determne the magnitude of the gray whale inpact on the sedinents.
This work would require a refined camera system which perhaps has a
conpass in the view ng screen and a nmechanismto gauge depth and size
of depressions.

3. W feel that any further work in this project should be conducted from
a smaller vessel. A large vessel cannot naintain its steerage while
moving at the slow speeds needed for the video canera operations. In
order to quantify bottom features, it is essential to be able to run
a charted course while towi ng the canera

4. To further our understanding of the successional nature of the bottom
depressions, we would continue the experiments involving cleared patches
of sediment. Only by manipulation of this sort will we be able to
arrive at estimates of comunity regeneration tine. W would expand
this research by varying the size of the original cleared area (from
1 nf) and by establishing the patches in localities which may experience
various current regimes.

5. A land-based study in an area used by whales (e.g. S.E. Cape St. Lawence
I'sland) may be necessary to assess feeding behavior. ‘A fairly conplete
picture of foraging patterns (% of area used, length of dives) could be
assenbled from a nearshore area where whales forage. In addition a
| and- based canp would facilitate the recol onization experinents and the
acqui sition of stomach contents from stranded and harvested whales.
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